Abstract. In this paper, we propose a combined exponential smoothing-linear regression method to predict the number of mobile phone users in China. The main idea is to use linear regression (LR) to predict the relative error of exponential smoothing (ES) method based on the predicted results of exponential smoothing method, and to use the predicted relative error to adjust the predicted results of exponential smoothing method. The experimental results show that the proposed method is more accurate than both the exponential smoothing and linear regression method.
Introduction
Informatization level in China has been increasing year by year since 2000, and the mobile communication technology is developing continuously as well.
[1] As the Ministry of Industry and Information Technology of the People's Republic of China issued the 4G license at the end of year 2013, mobile communication in China has entered a new era. Mobile telecommunication service is not limited to meet the communication needs of people but entertainment, social, consumption needs as well and it is making big influence in all aspects of people's life. [2] The result of user prediction is the basis of the communication network planning, thus the accuracy of the predicted results is key to reasonable and scientific planning of the entire communication network.
Exponential smoothing, trend extrapolation, moving average method, autoregressive integrated moving average (ARIMA), regression analysis prediction, grey prediction, support vector machine (SVM), markov prediction and artificial neural networks (ANNs) are commonly used in prediction. These models have their characteristics but they are not perfect. Therefore, it is necessary to combine the advantages and avoid the shortcomings of the models to makes the results more accurate. In this article, we use unary linear regression to predict the relative error of the cubic exponential smoothing method and adjust the predicted results of the cubic exponential smoothing method. Results show that the proposed method can make more accurate prediction on mobile phone users.
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Combined Exponential Smoothing-Linear Regression Method
Exponential Smoothing Method. [3] Single exponential smoothing establish the smooth data to predict the index combined with the real data . Double exponential smoothing establish the double smooth data by re-smoothing and predict the index on the basis of the single exponential smoothing results, and data represents the long-term trend of index . Cubic exponential smoothing make cubic smoothing on or on the basis of the double exponential smoothing and establish the smooth data to predict index , and data represents the cyclical trends of index .
In this paper, we use the HoltWinters function in R language to implement the cubic exponential smoothing method, shown as below.
The basic equation of the cubic exponential smoothing (refer with: Eq. 1, Eq. 2, Eq. 3):
(1)
(3) The prediction equation of the cubic exponential smoothing (refer with: Eq. 4): (4) Linear Regression Prediction. Regression analysis is to find out the estimated value of the parameter under certain statistical rules and get the regression curve. Regression analysis is divided into unary linear regression and multiple regression. [4] The function of unary linear regression is shown as below (refer with: Eq. 5):
(5) Combined Exponential Smoothing-Linear Regression Method. We use cubic exponential smoothing method in this paper rather than single and double exponential smoothing method for the former can be applied on nonlinear prediction as well as linear prediction and has more accurate results. But the accuracy reduces when the exponential smoothing method is applied to long-term prediction. Thus, a combined exponential smoothing-linear regression method is proposed in this paper which may get a more accurate result. Firstly, use the exponential smoothing method to predict the number of mobile users according to the historical data. Secondly, use the linear regression model to fit the relative error of the ES predicted results. Finally, correct the predicted results of exponential smoothing method using the predicted relative error. (1) Use exponential smoothing method to predict existing data. Divide the existing data into two parts, named as and . Use exponential smoothing method to predict data on the basis of data and get the predicted results . The Process of Predicting the Number of Chinese Mobile Phone Users. The process is shown as follow:
(1) Use exponential smoothing method to predict existing data. Divide the initial data into three parts. The first part is from 2007/1 to 2013/12, totally 84. And predict the data of mobile phone users from 2014/1 to 2014/12(second part, totally 12) based on the first part of data. The third part is from 2015/1 to 2015/9, this part of data is for verifying.
In this paper, we use R language to implement the cubic exponential smoothing method, and you can see the predicted results in the following figure (refer with: Figure 2) . The deep blue curve is the predicted value, and the light blue area is the confidence interval of the 80% confidence level, and the gray white area is the confidence interval of the 95% confidence level.
(2) Calculate relative error. Relative error = (predicted data -initial data) / initial data. The results are shown in this table (refer with: Table 2 ). Result Analysis. The results of the exponential smoothing method, the linear regression method and the combined method are shown in the following table (refer with: Table 3) .
Compared with the exponential smoothing method and linear regression method, the relative error of corrected results are smaller. So we can get the conclusion that the method proposed in this paper can get higher accuracy and be closer to the initial data.
As we can see from the result comparison (refer with: Figure 4) , the blue line is the initial data and the yellow line is the predicted data using the combined method which is very close to the initial data.
So the combined method proposed in this paper proves to have high accuracy compared with the exponential smoothing method and linear regression method. This method can be used in the prediction of Chinese mobile phone users. From the result comparison we can see that, as time goes, the relative error of the exponential smoothing method grow bigger and bigger. So we use the liner regression method to fit the relative error and use the predicted relative error to correct the results of the exponential smoothing method to get the corrected results. In this process, we reduced the relative error of the exponential smoothing method so that we can get a more accurate result. 
Summary
In this paper, we first proposed a combined exponential smoothing-linear regression method in predicting Chinese mobile phone users. Use linear regression to fit the relative error of the exponential smoothing method, and then use the predicted relative error to correct the results of exponential smoothing method. The results show that the proposed method have smaller relative error and can get higher accuracy. We can use the proposed method to predict the number of Chinese mobile phone users.
